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Abstract 
ZnO nanoparticles were prepared via wet-chemical method in methanol / octylamine / zinc acetate as 
starting materials. To prepared sample was subjected to structural morphology elemental, optical 
properties were characterized by X-ray diffraction, UV-Vis spectroscopy, High resolution - Scanning 
electron microscopy. The photocatalytic activities were evaluated by the degradation of Methyl Orange 
dye under sun irradiation. The individual effect of photocatalytic activity of pure and surfactant 
influenced ZnO nanoparticles were done in degradation of organic pollution. 
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Introduction 

Recently semiconductors materials have 
attracted increasing attention due to wide range 
of application such as physiochemical properties 
[1]. Semiconductors photocatalysts offer great 
potential for complete elimination of toxic 
chemicals in environment through its efficiency 
and broad applicability [2-4]. For the removal of 
dye pollutants these semiconductors 
photocatalysts was applicable to a wide range of 
organic synthetic dyes. Semiconductors metal 
oxide such as CdS, Fe2O3, TiO2, ZnO, ZnS 
nanoparticles (NPs) have most promising 
materials in the field [5-7]. Among these ZnO 
NPs has been recognized as photocatalysts in 
recent years. This was described to their 
inexpensive, nontoxic, environmental friendly, 
very effective semiconductor photocatalysts and 
biodegradation. When a semiconductor particle 
was irradiated by sun light with equal to or 
higher than the band gap energy on electron 
from the valence band (VB) was excited to the 
conduction band (CB) in aqueous media. The 
photocatalytic performance was excellent in the 
presence of electron acceptor such as H2O2. 

However, the rate of electron- hole (e-h) 
recombination during photocatalytic process 
limits the application of these materials under 
sun irradiation [8-10]. It was well known that 
nanosized photocatalysts should be separated 
and recycled after photodegradation reaction. 
Furthermore, nanosized particles having large 
surface energy when recycled by using 

traditional separation method. In the past decade, 
a number of studies in TiO2 and ZnO, both in the 
pure form or as a composite were semiconductor 
oxide widely used in photocatalytic activity [11]. 
Therefore improving photocatalytic activity by 
modification has become an important task 
among researches in recent years. The structure 
of nanomaterials, including morphology, particle 
size and two–dimensional and three–dimensional 
architectures, can play important roles in 
determining the electrical, optical and catalytic 
properties. The morphology, particle size, crystal 
orientation, crystallinity and oxygen defects are 
some factors that influence the photocatalytic 
performance and stability of ZnO photocatalysts.  

The enhanced photocatalytic activity of the 
nanomaterials compared to pure ZnO, surfactant 
influenced ZnO were described to the large 
surface area, increased oxygen vacancy and the 
facilitation of diffusion and mass transportation 
of the reactant molecules [12]. Much work has 
focused an using organic surfactant or functional 
polymers as supports, but the presence of 
organic residues may reduce particle surface 
activity and thus limit its catalytic activity. There 
have been some reports on the synthesis of ZnO 
nanoparticles with organic supports such as 
dodecylamine, PVP, oleic acid and so on [13]. 

To promote the formation of ZnO 
nanostructures, Octylamine was using long-chain 
surfactant as a result in the decrease of the 
particle’s surface energy. In the present 
investigation, the effect of surfactant was 
prepared by wet-chemical method and their 
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structural, morphology, optical and the 
photocatalytic activity by degradation of methyl 
orange (MO) solution under full solar spectrum 
absorbance in aqueous water. 

Materials and methods 

Materials 

In this typical synthesis, Zinc acetate 
dehydrate (0.1 M) and Octylamine (1.32 mL) 
were added into absolute methanol (100 mL) 
stirring over 24 hrs. Following complete 
dissolution of the precursor a NaOH / distilled 
water solution (50 mL, 3 M) stirring for 4hrs. 
The prepared NaOH solution was added drop by 
drop in zinc acetate dehydrate, till the pH of the 
solution attains 12.The stirred solution was taken 
in a beaker and rinsed by ethanol / water to 
remove the precursor material. Finally we dried 
the suspension in Oven at 80 °C for 10 h and 
annealed for 400 °C for 2h.For comparison, pure 
ZnO nanoparticles were also synthesized in the 
same procedure without using surfactant. All the 
reagents used in the experiment were 
analytically pure and they were used as such 
without further purification. 

Characterization 

Powder  X-ray diffraction (PXRD) recorded 
at room temperature on a ( PAN analytical 
X’Pert PRO with 2θ ranging from 20° to 80°, X-
ray diffractometer using  Cu Kα irradiation 
(  wavelength: 1.54056 Å)). In HR-SEM/EDAX 
, image of the sample was observed by using 
JEOL,JSM-67001.The optical absorption and 
photocatalytic degradation spectra was recorded 
by UV-Vis absorption spectrometer Perkin 
Elmer ( T90 + Spectrophotometer ).  

Photocatalytic activity 

The Photocatalytic activity of the as-
synthesized pure and surfactant influenced ZnO 
nanoparticles by using Methyl orange (MO) 
textile dye, its photocatalytic activity was carried 
out in a solar light with de-ionized water. The 
catalytic experiments were carried out with  
100 mL solution of MO (5 X 10-5 M) and 20 mg 
of the ZnO catalyst, dye solution was stirred in 
the dark for 30 min. After, the dye degradation 
test was carried out without stirring. For 
studying the kinetics of the degradation 
reactions,3 mL of the aliquot solution was 
withdrawn at regular time intervals, which was  
UV-Vis spectrophotometer by measuring the 

absorbance of the solution samples at λ = 434 
nm. The degradation percentage of the dye 
performance can be calculated from the equation 
(1) [14]. 

% D = (C0  ̶  Ct) ⁄ C0 x 100      (1) 
Where, 
C0= Initial concentration of dye 
Ct= Concentration of dye after irradiation in 
selected time interval 

Results and discussions 

X-ray diffraction analysis  

The crystal structure of ZnO  NPs was 
characterized with XRD pattern of the  
as-synthesized pure and surfactant influence 
ZnO NPs as shown in Fig. 1 (a, b) in the 2θ 
diffraction angle . From the Fig. 1 (b) shows the 
XRD patterns of ZnO  NPs with surfactant 
nanostructures having eight sharp peaks at 
31.82°, 34.44°, 36.26°, 47.52°, 56.45°, 62.68°, 
66.08°, and 67.71° which was corresponding to 
different planes of pure ZnO. The results were in 
good agreement with the JCPDS Card: 36-1451 
[15]. It shows that after adding surfactant there is 
no any extra peak in the XRD pattern confirming 
purity of surfactant ZnO NPs. 

The high intensity of d101 plane as compared 
with other planes clearly suggests the 
preferential growth of ZnO nanoparticles along 
the c-axis direction. The strong and narrow 
diffraction peaks indicate that the material has a 
good crystallinity. It indicates surfactant has 
been incorporated into different sites of  ZnO. 
The size of the particles was calculated by 
Debye Scherrer’s formula [16-17]. The average 
crystallite size was calculated by the equation 
(2). 

D=Kλ/β Cosθ                                               (2) 
K is a constant equal to 0.89; λ is the X-ray 
wavelength (0.1540nm), β the full wavelength at 
half maximum and θ angle diffraction. The 
average estimated grain size of the nanoparticles 
was found to be increased from 36 to 26 nm for 
pure and surfactant ZnO.  

Morphological studies 

In order to investigate the morphologies of 
pure and surfactant influenced ZnO NPs was 
shown in Fig.2 (a, b). In both cases the particles 
on agglomerates with effect of surfactant and 
solvent. The surfactant reagent relatively 
controls the uniform growth of nanoparticles 
with solvent and concentration. Surfactants 
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influenced ZnO NPs possess reduce size.HR-
SEM images results were compared with XRD 
results was a good agreement of particles size 
for both the studies. Fig.2 (c, d) the elemental 
composition of the as-synthesized nanoparticles 

was characterized by EDAX . Almost all the 
peaks on the curves were described to Zn, C 
and O elements. Thus it was concluded that no 
other impurities at the detection levels.  
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Fig. 1. XRD patterns of (a) pure (b) surfactant influenced ZnO NPs 

 
Fig. 2. HR-SEM/EDAX images of (a,c) pure and (b,d)  surfactant influenced ZnO NPs 

 



Bomila and Srinivasan, 2016.                    Synthesis and characterization of ZnO nanoparticles and its photocatalytic activity 

©International Journal of Modern Science and Technology. All rights reserved. 216 

UV-Vis Spectrum  

UV-Visible spectrum of as-synthesized pure 
and surfactant influenced ZnO NPs in the range 
of 300 nm - 600 nm presented in Fig. 3 (a,b) .We 
observe a small blue shift of the peak compared 
to pure ZnO due to quantum confinement of 
charge carriers. When the size of surfactant 
influenced ZnO NPs decreased, the band gap 
energy increased which in turn led to higher 
redox potential in the system. Therefore, the 
nanoscale ZnO was expected to have higher 
photocatalytic activity than its bulk [18].The 
calculated band gap values lie in the range  
of (3.22 eV and 3.25 eV) has been calculated by 
using Tauc’s relation [19]. The band gap as a 
function of surfactant influence ZnO was shown 
in Fig.3 (c, d).The increases in band gap with 
surfactant influence ZnO NPs was attributed to 
size quantization effect due to the smaller size of 
the particles. 
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Fig. 3. UV-Vis absorption spectra of (a) pure (b) 
surfactant influenced ZnO NPs and (c, d) Tauc’s 
plot for pure and surfactant influenced ZnO NPs 

Photocatalytic activity 
In this work, the activities of pure and 

surfactant influenced ZnO were evaluated for the 

photocatalytic degradation of Methyl orange 
(MO) under sun light was examined.  
As can be seen, degradation of MO using pure 
and surfactant influenced ZnO nanoparticles 
prepared in pure de-ionized water as solvent can 
occurs at 180 min.  

The kinetic plot of log (C/C0) vs. time (T) as 
shown in Fig. 4.Thus ,the results clearly reveal 
the individual effect of crystallite size and 
particle size favor higher photocatalytic activity 
when the rate constant of surfactant influence 
ZnO nanoparticles were compared to pure ZnO 
[20]. 
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Fig. 4. Photocataytic studies of (a) pure (b) 
surfactant influenced ZnO NPs 

Conclusion 

The photocatalytic de colorization of a 
Methyl orange (MO) textile dye has been  
investigated using as-synthesized pure and 
surfactant influenced ZnO NPs under sun 
irradiation. This process reduces the 
recombination of light generated electron–hole 
pairs at ZnO surface. The results indicated that 
pure ZnO was more efficient than surfactant 
ZnO. The excellent performance of surfactant 
ZnO NPs in photo degrading organic dye was 
significant for the air and water pollution. XRD 
and HR-SEM demonstrated that the crystallite 
size ~ 16 nm to 14 nm and morphology of ZnO 
NPs was agglomerated spherical in shape were 
investigated. UV-VIS spectra were calculated 
band gap energy 3.22 eV – 3.25 eV slightly 
increases compared with pure ZnO NPs, it 
indicated blue – shifted in the quantum 
confinement.  
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